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Boeing OSU Variability Reduction Project 

Flammability Labs 

 In April 2010, Boeing began a project to better understand 
OSU variability between three machines at two labs 

The Boeing Flammability team identified 69 variables 

Key variables included: 

 Sample position w/in the burn chamber 

 Machine insulation 

 Calorimeter (surface damage, position w/in calibration fixture) 

 Airflow through chamber 

 For additional variables, click here 

 Initial approach focused on evaluating high impact, easy to 
change variables – still insufficient for scope of project 

Each variable was then addressed through scientific 
Design of Experiments (DOE) with the help of Boeing 
Applied Math 
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Boeing OSU Variability Reduction Project 

Flammability Labs 

The DOE Approach: 

 What is a DOE 

 Why do we do it? 

 OSU Project Example 
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Boeing OSU Variability Reduction Project 
  -  What is Design of Experiments (DOE) ? 

Design of Experiments involves the active, systematic, and 
controlled change of process (or product) inputs to induce 
and observe their effects on process (or product) outputs. 

 

A systematized collection of principles for valid 
experimentation (Randomization,  Blocking, Replication 
and Balance) 

 

A rigorous science for linking “how it was done” to “what 
you can say.” 

 

A technology that includes techniques for structuring very 
powerful experiments with relatively few runs. 

Flammability Labs 
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Boeing OSU Variability Reduction Project 
 -  Experimentation Process 
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Boeing OSU Variability Reduction Project 
  -  Example 

Flammability Labs 

 Goal: Establish the thermopile baseline 

 Four critical variables. 

 Lower Flame Length 

– Nominal Length = Diameter (D) of the burner tube, 0.5D and 1.5D 

– 0.004 ft^3/min methane and an air supply adjusted to produce a flame such that the inner 
cone is approximately the same length as the diameter of the burner tube 

 Upper Flame length   

–  Nominal 1”, also try 0.75” and 1.25” 

– Controlled by Methane mixed with air in a ratio of approximately 50/50 by volume. Flamelets 
should be approximately one inch long (0.25" tip appears yellow) 

 Heat flux (Center) 

– Nominal (3.5 W/cm^2) and the upper/lower ranges ( + 0.05 W cm^2) 

 Airflow  

– Nominal (200mm Hg).  Vary between 180mm Hg and 220mm Hg 

 Total combinations = 3 x 3 x 3 x 3 = 81 

Based on DOE principles, adequate data can be collected 
through 48 combinations with multiple operators 
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Boeing OSU Variability Reduction Project 

Flammability Labs 

Results, after many iterations of DOE’s: 

 Understanding of impact of key variables, and how to control them 

 Standard Work Instructions created to control ‘standardized’ 
parameters – Daily Startup Checklist, Maintenance Checklist, process 
instructions 

 Checklists were developed based on weekly discussions on machine 
operation.  

 Updated regularly to ensure consistent operation of machines with 
multiple users 

 Standard Panel tested weekly to monitor and record progress on all 
machines – 5 panels per set 

 Control charts maintained, regularly reviewed by non-advocate 
reviews 

 Project continued for approximately one year 

 Decreasing trend in standard deviations show reduced variability 

 Ongoing testing to monitor OSU performance based on documented, 
standard procedures for setup, operation, and cleaning 
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Boeing OSU Variability Reduction Project 

Flammability Labs 

Results: 

 Daily startup checklist & maintenance checklist 

 Have been provided to FAATC for inclusion in AC 
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Boeing OSU Variability Reduction Project 

Flammability Labs 

Results: 

 2.2 point decrease in peak 
Std. Dev. 

 1.1 point decrease in 2-min 
Std. Dev. 
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Boeing OSU Variability Reduction Project 

Flammability Labs 

Conclusion: 

 Methodical approach successfully identified key parameters that 
contribute to variability 

 DOE approach validated importance of standard work instructions, 
checklists, etc. 

 Boeing’s OSU machines providing consistent, repeatable data  

 Even with using established controls, there is “inherent” variability 
within the OSU 

 

This method required up-front effort with data collection – 
many samples were tested over many months 

BUT - the benefits from this approach were realized in a 
statistically significant body of data 
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Background: 

 Test Approach 

– 36 OSU’s participated in testing 

– Key equipment/setup information surveyed 

– Testing conducted per individual lab standards 

 Analysis Approach 

– Results plotted to show side-by-side comparison (FAA) 

– Operational variables statistically analyzed independently of test results (Boeing) 

– Test results statistically analyzed to determine correlation between labs (Boeing) 

 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 
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Side-by-side plot shows a substantial body of data, with 
clearly variable data in both the test results and standard 
deviations 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 

http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf 

http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf
http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf
http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf
http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf
http://www.fire.tc.faa.gov/pdf/materials/June12Meeting/Burns-0612-OSU_HR2_Prototype_Data.pdf
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Each lab operated based on its normal practices 

Machine operating parameters were reported 

Boeing analysis took operating parameters into account 

Correlations drawn between each independent parameter 

 Equipment manufacturer 

 Inlet pressures 

 Compressor vs. blower 

 Etc. 

Machine parameters then analyzed in reference to test data 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 

Link to FAA Presentation 
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Boeing equipment/setup analysis shows: 

 Correlation between kW/mv and kW/mV*m^2 parameters (r=1, as 
expected) 

 Strong positive correlation (r=0.8981) between flame off and flame on 
baselines (as expected) 

 Negative correlation between calibration variables and baseline 
variables: a high Kh machine will have a lower baseline (r=-0.47/-0.58, 
not expected) 

 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 
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Conclusion: 

 The statistical analysis identifies several equipment/setup parameters 
that significantly affect variability 

– Machine Type 

– Blower vs. Compressor 

– Gas Pressure 

 Not all variation is explained by observed parameters 

– These factors explain less than 50% of the variability (R^2 ≤ 0.5) 

 There are too many uncontrolled parameters and too little data to 
explain the variability 

 Better control needs to be exercised over future Round Robin testing 
if variation is going to be explained 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 
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Recommendation: 

 Conduct another focused Round Robin (5-10 machines) 

– Much discussion needed in task group to define plan 

– Cross section of machines – principle of balance 

 Control parameters 

– All labs set up to the same parameters: air/methane pressure, etc. 

– Calibrate using the same process 

– Calibrate using a single, shared calorimeter 

– Collect a larger dataset – 10 to 50 panels tested at each lab 

 Statistical analysis of collected data 

 Use this standard approach in future development of the HR2 

Flammability Labs 

Applying Boeing’s Approach to the 2012 
FAA Round Robin 
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Thank you for your time 

 

 

 

 

 

 

 

Good luck OSU Task Group! 

Flammability Labs 
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